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Priot to 1970, Charleston County possesscd no iformal
zed study of ocean scisnce. A

program to develaop an ovgan
acted tapics en eoocasien, Lot

few teachers vould cover se
theve was nro formal, district-~wide effort toe make oconn
science curricuia availablie to all students iln the sooond-
ary schools c¢f the district.

The increasing emphasis on the study of the
federal, state, and local govevnments and the res:
crease in the dmportence of the crean te all citirnans
created a need for coherent ovecean sciepce proygrams fov
students. Nowhetve is the nezed for coherent study ol the
sea more immediately relevant than in Cherleston Conmiv,
The county is permeated with food and sport-filled wat
ways and heavily dependent on and commercial
ping. Presenti and future prubleéms in harbor mainteuance
and problems of estuarine mulciple use indicate a noed fov
a loecal citizenry literate in ccean science. The most of-
fective means of develceping large-scale literacy is ihe
public school.
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Srr ot

This publication is one of a serizs made possible
through a Title IIT, ESEA grant entitled Ogeancgraphi
Scicnce Conceptual Schemesg Project. These publicva
ate designed for use in standard science curricula to
develop oceanoclogic manifestations of certain science
topics. The publications include tescher guides, student
activities, and demonstratvions designed Lo impart acean
science understanding to Charleston Coumty high schanl

students. '
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They were assisted by the following writing staff: Sls;er
Bernadette Kostbar, Ms. Beverly Lauderdale, Ms. Dorothy
Bonnett, Ms, Caroline Pearson, Ms. Pat Hayes, Mr., Tommy Yon,
Mr. Nat Bell, Mr. Steve Proctor, and Mr. Leonard Biggins.
Principal typists were Ms. Anita Skinner, Ms. Roberta Brown,
and Ms. Lynda Wallace. Witheut their cheerful, dedicated
efforts and excellent typ:ng this project could not have
been completed.

Special thanks are due to consultants Dr. Norman A.
Chamberlain and Dr. F. J. Vernberg, whe contributed much
valuable informatien om tides and estuaries, respeohivwely.
Ms. Virginia Bolton prepaved tha cover drawings. #r., Panl
F. Teller completed the internal figures.

Gary L. Awkerman
Q

Q Director of Natural SBciences

ERIC

Aruitoxt provided by Eic:



Aruitoxt provided by Eic:

What_ are the parts of the marine ecosvstem?

At

Marine Ecology

the end of this exercise, the student should be able ta:

IDENTIFY the fundamental source of energy for the marine
ecosystem.

DESCRIBE the functions of producers, consumers .and de-
composers In the ecosystem.

MATCH a list of organisms to their probable trephic

" levels.

SKETCE a typical food wel and a tvpical food chain.

EXPLAIN why the consumption of plants or of herbivores
is a more efficient means. of obtaining energy thaun the
consurption of high-level consumewvrs.

EXPLAIN the relationshilp between local nutriant deple-
tion and stratification of ocean circulation.

LIST three factors which make coastal waters more pro-
ductive than the open sea.

DISCUSS briefly the offect of pollution on the marine
ecosystem. '



The s3ea is a source of food for millions,

\..J‘\.u,b_'

4

‘

2 penerator of oxygen for the air we breathe,

and an absorbant for much of the (€0, and other
L

. Wwates Yeleased by our lungs, cars, and industzy.

)

All three of these vital functions depend on a
proper functioning of the marine ecosystem. At
this point in history, all the major eco-

systems of the world ave in danger. The sea

is the largest of thes

°
D

cosyshtems,. covering
more than two thirds of the globe,

Thg functions of the ssa as a food source,
gas exchanger, and waste bin 2il begin with
tiny green plants which drift in the sea as
part of the plankton. These photosynthesiz-
ing producers take in €0y and mineral nukvi-

: ents and turp them .into plant flesh, releasing
, oxygen as an end product. Both oxygen and
€0, diffuse back and forth from water to air.
Photosynthesis in the sea profoundly affects
the makéup of the air we breathe,

The plant flesh built by photosynthesis

Is consumed by aniwmal consumere who use the

plant tissue to make their own flash. As a

I i general rule, herbivores are eatem by car-

& nivores which are eaten by other carnilvores
: o ) )

ERIC ~ until one carnivore dominates the Zop of the

Aruitoxt provided by Eic:
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system. When this carnivore dies, its sub-
stance 1is broken into autryients wiaich are

avallable for use Ly another genevarion of

.8

plants. The breakup of top consumers, othex

dead organisms and their waste products is
accomplished by decomposer organisms. These

include bacteria and fungi.

All organisms live iv an environment,

which can he consildered as the total external

influences operating on an crganism. The

“

ocean environment can influence the spatial
and temporal Séparation of production, con-
sumption and decomposition in the ocean.
The stratlfication of the sea inte
several deep layers which flow in different
directiouns can have drastic effects on kthe
avallability of wnutrients for plant growth.
When tﬁihgé'die and sink beneath the pro-
ductive surface layers of the sea, fhey may

hit bottem before the major part of their
!

rn e,

decomposition is completed. Their nutrients
may become dissolved in the Watérs of soue
deep current and carried thousands of miles
before they reach the surface agaln and are
available for plant growth.

Man can interrupt this ecosystem at

many points. If he polsons the producers



ERIC

Aruitoxt provided by Eic:

with industrial wastes, there will he less

food fox other organisms. If he overfishss //’—\\\
SUN ;

i
for a particular species, the competitors ' P

.
-~ .
- S / /\'\,.,,4/ ~.
: e . . N 5
of that species may take over. He may wipe ;////{ /‘ ] \\
}
out the 'species by taking the last of ics Bf! f \\
hd hY
kind. The whaling industry is a disastrous |
X i
exanple of overfishing. {
The wastes from man's activities can
profoundly affect rhe marine ccosystem in
L . e SEE SR ST S S
other ways. If sufflclent nutrients arve g? Lo P ¥ <
| N /J} o 4 f?\
added to the waters, an &pormous plant rﬁ e % S %3
| % '

growth can oceur. At night when photoesyu-

pLANT PLANETON iy ANIMAL PL A,
= -~
thesis stops, the plants still respire, _ //////
using up oxygen s¢ rapidly that other or- ' P
. & e
@ X A"/ \
ganisms in their vicinity may die. 5 ! Kﬁg ‘“mﬁ@
ﬁ \hi: - 14 % \
An understanding of the fundamental iﬁ?‘ i Y
a1 v N
3 : LARGE FisH
functioning of the marine ecosystem wilf ﬁ%
help a student to understand what the
. 1 . .
environmental fuss 1is all about. The ,uaf/iwﬁ P
T Rl SO
following teacher introduction will help <:“3<r~“\P\r\j
. : o RF '
you gain a little background Lf vou have LARGER FisH )
not studied marine ecology before. From K\:§ /}
this material, you can prepars a short SN -
\ﬁ/w
lecture using the transparencies in the ¥

L.__.........-’.. BRCTERIA ANG OTHER

teacher demonstrations. The student ac- bECOMPISERS

tivities are buift around the objectives

and the principal points ecogvered in rthe



teacher introduction and demounstrations.

et
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Teacher. Introduction

[
General

The ocean is a major ecosystem. Like any

other ecosystem, it consizts of a source of

-

energy to drive producer organisms whict
are eaten by primary consumers. The primary

\
consumers may be eaten by secondzry CORSUMSIS.

the secondaries by tertiary consumers, and so

on up the scale to a2 high-level consumer which

utilizes the energy obtained by ail che con-~

-

sumers below it, 1In the feod webs involving

~commercial species, man is often the Lop acon-

[} . :
sumer. All of these organisms live dium an

oce%nic enviroament.

The elaboration of the hodies c¢f the
producers and consumers utilizes bieclogically
important elements and cempounds. The earth
possesses a limited supply of these elements
and compounds. If there were no way to re-
turn the tied-up substances so they would be
available for new construction, the parade of

life would have stopped long ago. The break-

‘up of dead bodies to their constituent ele-

'
ments 1is the role of the decompeser organisms.

These perform the essential task of breckiang

down the complex compounds of dead organicums
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te simple elements and compounds which
may be usad in the elaboration of new

organisms.

Radiant energy

The source of radiant energy for the
entire earth is the sun. The incidept
sunlight 1lluminates the survface waters Fnd
provide; enexrgy for photosynthesdis. It also
warms the ocean to temperaturaes compaiible
with biological processes. The warming of
the earth by the sun alsc affects the at-
mosphere, giving birth to great glebal wind
gattefns of the oceans tc create great

oceanic current systems which circular the

waters of the world ocean around the giobe,

Producers and counsumers

The principal producers of the open sea

are the diatoms and dinoflagellates, micro-
scopic algae which utilizé sunlight and
mineral nutrients through photasynthesis to
sustain themselves and reproduce in tha
brightly~-1lit surface waters of éhe sea.
These tiny plants drift abo;t in the water,
carried by currents to various regions of

the globe.

Tiny, drifting organisms whese trans-

Dino £ /«73 o, 7/2,1‘

OCERN PRODUCERS
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port 1s at ‘the whim of the currents and

not under their own wvoiition are calleg

plankton. Plants 1in the planktom are

called phyvtcplankton., Drifting animals

are called zooplankton.

The primary consumers of the ocean
are usually members of the zooplankion.

The mogt important primary consumers in

3

s

the zooplankton arve coprpcds. Many o
these crustaceans feed directly on the
phytoplankton. Theilr specialized mouth-~
parts set up'hhirring feeding currents

around the anterior end of the animal.

The currents sweep diatcems and other

debris iInto a basket formed by bristles
on the inside of these appendages.
When the. appendages are held together,

the bristles form a mesh which can trap

diatoms. The copepod eals what is trapped

in the basket. Diatoms are also used . as
food by other animals, dincluding various
larval forms and some advlt animals. .
These include pteropocd mellusks and the
larvae of annelids and echinoderms. By

far the most important group of herbi-~

‘'vores are the crustacea. These include

Y ferding Coutrents

F(c‘é}nq -‘:.lk‘-f

C°7‘f od # er.dim)'

Coaments

PRIMARY CONSUMERS



ERIC

Aruitoxt provided by Eic:

not only the cepepceds, but also larvae -

'

fﬁﬁ ARROWW IR M
of larpe crustacea,. They alse include Py

euphausid shrimp. The euphausids super- o :
ficially resemble the edible shrimp.
They are famous as krill, the food of

the great whalesn.

Copepads and other primary cousume

D
+e
N

are eaten by secondary consumers. Thede
may include many different kinds cf ani-
mals. Copepods and other zooplankton
are 1mportant foods of young fish. They
L}
are also food for other zoeplankters ‘
such as arrow worms, carniverous copepods,
MEDUERA

ctenophores, medusae, and other small L xiN
predators. They may also be eaten by
relatively large fish such as the adult
herring.

Tertiary consumere are the animals
which eat the secondary consumers. Thev
may be of various sizes. A ctenophore

ingesting a carnivorous copepod which BALEEN WHAL!

( %3)
has eaten a herbivorcus copepod acts
as a tertiary consumer. A predacious
fish eating herring which have consumed TR e
herbivoerous copepods is a tertiary consumer.
There are even higher predators. SECONDART Cowsumens

The herring-eating fish would be a terti-
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ATy CONSumer. It could in turn be eaten
by & squid or a larger caruivorous fish,

Y . . /‘(
which would be fourth in line. ff & man %4ng§
JMRs - OF - WAR FISH ({/Kfé‘,%

N . o o
ate the squid or the largevr carniverous (e 3)

fish, he would be fifth in line.

Trophic levels

able toc produce their own. For this rea-

The producers trap eunergy directly o
and make their own food. They arxe called /: ,//
. s %‘f:? / HERRiNG
autotrophs. The primary consumers davcur /’?\ é‘ %)
‘@ / /
autotrophs for their food. They are un- WY
T

T FRTIARY CON SUMERS
son, they are called heterotrophs. The _

primary, secondary, and tertiary consuﬁers

ozcupy different leveis of heterotroph}. N
Therefore, we speak of producers and
various consﬁmgrs and decomposers as

occupying different trophic levels. It

may be further noted that an animal's

trophic level is not fixed. TFor instance,
a herring may coansume herbivorous cope~
pods; but it may also be consuming car-
nivorous copepods, arrowworms, and other ,
plankton at the same time. It 1is operating
on several different trophic levels

simultaneously. The same goes for medusae

and ctenophores. They may trap herbivorous MAKD SHARK (% 55)

HIGHER CONSUMERS
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3
copepods, carnivorpus copepods, arrowworus, - ~\q%§
-. ‘\\ ’
iy

A

annelids, smaller medusae and crenmnphoves, }hgx
<y i ﬁ%
. . .. : gcz,, iy
and gmall fish all in the szame day. Rarely N W
2O
will one encounter a series c¢f organiswms f
. ‘47:::;('3:8
. - . IS
feeding'on only one trophic level at a time.
4
' !
Food chains and fond webs W
S . , @ b
A straight-line succession of consump- 7o
tion of prey of only one trophic level at ?
a time frem the low trophic levels (plants) 6? VAJ
. % i
to higher trophic levels would result in
a food chain. The foocd chain is still a a. 8 FQCD CHIUIN

useful concept, but a simple chain seldom
exists im the real world. In reality, the
mizxture of various kinds of prey and
predatowrs of a particular species dnvolves
all manner of crossing of trephic levels.

The resulting arrangement is more like a

. ™~

food web. A consumer is always higher in 1 ;>\‘<:;\\\x

b0d_ueh LT
trophiec level than its prey, but the 4&‘ \\""J Q"/’Q@
various prey organisms will differ in

hA FOODWEB
trophic level. Examples of a hypothetical
food chain and food web are shown in figure FIGURE 2, FOOD CHRINS AND
FOOD wegs,

2. :
Efficiency

The transfer of food enevgy through a

food web is ineffecient. At each trophic

ERIC

Aruitoxt provided by Eic:



ERIC

Aruitoxt provided by Eic:

level, an organism gains enevgy either

by trapping sunlight {producers) or eating
sometﬁlng (consumers). This energy is
ﬁartly used in building new body substance
which Qill paséhon to-the animal eatiﬁg
the organism in questicon. But the zapimal
must also use much of the energy to grow,
to maintain 1its basic metabolism, chase
food, run from potentiai predators, main-
tain a certain water level, and a host of
other activities. These expenditures of
energy detract from ihé amount of energy
available to be passed to the next trophic
level. At the next trophic level, the
same type of expenditure must be made,
leaving even less of the original pro-
ducer's énergy to be passed to higher
levels.‘ Many units of producers are
required to produce one unit of top con-
cumer. For this reaSOn,-less top consumer
flesh exists over a period of time than
producer or lower consumer flesh. When

a4 man eats a high-level consumer, he eats
very expensive food. If the high-level
sonsumey Happens to be a fish such as

mackerel, it has probably fed on rather



Py
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large fish. Those large fish probably ate
smaller fish which ate 2oopiankton which
ate diatoms. The energy represented by

a pound of the top consumer's [flesh is
enormous.

The consumption of lower-level con~
sumers is much more efficient. QOne highly
efficient means ¢f securing protein is to
euat whale meat. The mear of a baleen whale
is highly nutritious and palatable when
properly prepared. The great baleen whales
are the terminus of one of the shoriest
food webs in nature. They eat euphéusid
shrimp, members ¢f the zocoplankton. The

euphausids subsist pripcipally on a diatom

whales highly efficient gatherers of
trapped producer sunlighg. The whales
represent a great potential stecre of
food of low energy cost for the world's
millions if they are managed properly.
This 1s the basic reason why present
whale hunting must stop to allow the
almost annihilated stocks to rebuild.
The only way we know at present to

shorten ocean fcod chains is to consume

THYSANOESSA RASCHH £53)

EUPHAUSID SHRIMES (KRILLY) -
THE FOOD OF WHALES (RFrsn
HARDY 19¢ 8)
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the plankton directly. This 1s not now

ot

feasible because of technical dif{icvit-

les.

Decomposers

Producers incorporate mineral nu-
trients in the constructicn of theilr

bodies. The consumers use these nutrients

‘when they eat vlaunt bodies. The nutrients

are passed through the web until ;hey are
incorporated im the bodies.of the hilghest
consuymers. Unless man intervenes, nothing
eats the top consumers. When they die,
they take the nutrients with them. Many
consumers 2nd producers do nnt get eaten.
They also die with nutrients locked'in
their flesh. 1If there were no means of
releasing thesé nutrients, all the free
biologicalzy important elements and com-

pPounds in the sea would be locked in

dead bodies. New prcducers weculd have

no-nutrients available for growth. The

ecosystem would cease toc fuunction.
Fortunately, organisms decay. Soon

after death, they are attacked by fuﬁgi

and bacteria which begin breéking them

into small fragments. Large organisms
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may be attacked by sqavengervs which tear
them into small pieces and consume’part
or all of the body. In this case, or-
ganishs such as a blue crab feedfng on

dead fish may be regarded as part of the

decomposer community. The scavengers

will eventually die and be ‘attacked by

fungi and bacteria 'as well.

The iInitial reéult of decomposition
1s the breakdown of large orgaunisws into
fine particles which are suspended in
the water. The Lodies of small organisms
Such as dead'200plankters cr diatoms
also coﬁtribute to the particuiate matter,
Not only bodies are involved. A large
Part of what an organism eats is passed
out as solid and liquid waste. The
s0lid waste products of metabolism account
for a considerable portion of the par-
ticulate matter suspended in seawater,

The name for this fine matter is detritus.
Detritus may serve as a direct food souxce
for many animals, including zooplankton.

Detrital particles also serve as a
Substraté for further bacterigl action.

The bacteria convert the detritus to



soluble organic matter. The dissolved

organic matter includes the liquid wastes

of animal and plant ﬁetabclism, but it

is predominantly formed of stable cbmpounds

résultihg from plant and animal decay.
Dissolved organic matter serves as

a source of food for bacteria, fungi, and

protozoa in the sea. The metabolism of

these dissolved orgénics, especially by

bacteria, finally frees the nuttrients

for use by consumers. The fingl procass

of converting decaying matter to free

nutrients is called mineralization.

The utilization of dissolved organ-

ics by bacteria may take pldce in direct
{ solution, but its absorption to the

surface of detrital particles is a great
aid to utilization. Much of the uti-
lization occurs on the surface of sed-
iments on the ocean bottom, where the
dissolved organics become adsorbed onto
the surfaces of clay particles and other

constituents of the sediments.

The ocean environment

Most of the processes discussed

above probably occur in all regions of

5
3

3
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the sea at the same time. However, &hia

occur predominantly in special regionz cf
‘the seaé This semi-compartmentalization

is due to certain physical, chemical, and
biologibalAaspects of the ocean enviton-
ment.

1. First of ali, the sea 1s deep,

Tt extends from the surface to over 10,000
meters. LI a large animal dies at the
surface, it may sink for a long time be-
fore it finally hits bottom and is com-
Pletely decomposed. This means that its
nutrients may be released far from the
surface.

2. The seé is composed of watex.
Water 16 a2 universal solvent. This is
why the ocean contains so much salt and
is able to contain the enormous quanti-
ties of dissolved organics that it does.

3. Water is not completely transpar-~
ent. After light enters the sea, it is
absorbed by the water, scattered by de-
tritus and other partiéles, and further
absorbed by the bodies of the organisms
in it. Within a few hundred meters all
detectable traces of light are gone.

Even shallower than this, the light falls

s

£ OO LR RL e

e
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to too low a level to support a2 photo=-
Synthetic rate that will overcome = plant
losses in energy to its own metabolism.
This is why all producers in the sea are
limited to the narrow upper layers. AlLL
life in the ocean subsists on the.pro*
ducts of surface photosynthasis.

4. There is motion in the ocean.
The great ocean currents thoroughly mix
the waters horizontally amouag the great
Ocean basins over a great length of rime.
This mixing makes the basic composition
of the ocean uniform throughout the
world.

Despite the univer:zzi mixing of ocean
wWaters, nutrient shortages may occur
in the surface layers of the ocean ovar
wide areas. ?he reason for this is that
the oceans are stratified. They exist
in several layers from top to bottom.
Beneath the warm surface waters are cold,
dense waters spreading out over the world
ocean from the arctic scas as Arctic

Intermediate Water. Beneath the arctic

Water is even colder, denser water spreading

out from the Antarctic. The Antarctic

~ "';n—\:/\\~
[
-

AL



Bottom Watexr snd other cold massesg make
up the water of the bottem of tha worlia
Ocean.

There is little vertical mixtuve
of the ‘oceanic water strata. This'is .
especiall§ true in temperate and tropical
areas during the warmer months of rhe
vear. As the sun warms the watcrs in
early spring, the depth of warming in-
creases and the warm waters float cu the
colder waters belasw At tha boticm of
the warm zomne, the temperature drops
abruptly over a shert distance. ‘Thisg

;T f'ﬁdundary layer is called the thexrmocline.

The waters above the thermscline
are egsentislly a homogeneous mas® whose
circulation is separate from the undexr-

lying layers. Diatoms grow in the warm

o CIRCULATIEN ini TRE ATLAN rrc. 0 £4s).
e (AFTER DIEFAMITEY)
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surface layers in immense profusion,
lowering the quantity of available nutvi-
ents. Much decomposition is accomplished
after organisms sink below the thermocliue.
Thig removes nutrients from the surface
waters. As a result, the surface waters

can become depleted of nutrients during

productive months of the yeax. Th

e onset
of avtumn gales and the lower tempera~ ‘ vempsherart("e)
kY S S SO AL S
tures of approcaching winter cool and [ [ 1
| P
. . % =t 4
agitate the waters, eliminating the o il =l 2 P
o BE H »
3 - . T 1
thermocline. This joins the surface e 40 S .
’ T e
1 . : X 17
water to the deeper circulation and re~ 5 ¥ 4
. H
plenishes-thE’ﬁuErients in preparation 10
for the next year's growth at the surface. 10e
. " » o] " . 1] —
The relatively permanent gtratifi DEVELOPMENT QF A SPMMER

FNEQapcLime, T Ty BERTH OF

cation cf the ocean into surface, Arciic
Intermediate, and bottom waters alse
causes a lag in nutrient ?eplenishment.
If an organism sinks in mid-ocean and
is mostly broken down there, its nutri-
ents may be dissolved in bottem water or
Arctic Intermediate Water depending on
depth and remain in that layer until the
layer surfaces ip high latitudes.

The phenomenon of deep-water nutri- .

ent release explains the extremely

ok Paa0sl MR, (Eren wers 13900
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high producti
Nutrient rich

surface along

ivity in

areas of upwelling.
water rises to the

ridges in far northern

Wwaters. The pnutrients

waker are released for

13 e

praduncers vhen it surfaces, In a similar

fashion, Arctic watevs the sur-

sli s up

descending

far southers s

it

as,

to surfasce producers hore.

oi siveng winds which biow aleong a coast-
line. The winds push zurface water off-
shore. Deeper waters rise to bring nu-

trients to the producers at the surface.

Une of a great upwelling area is

off West Coast of South America. This

is the center of a giant fishery for
anchovies and other fish feeding on the
abundant life in these cold, nutrient-
rich waters.

The phvsical and chemical factors

we have just discussed constitute the

abiotic environment of marine organisms

and detritus. The patterns we have seen

are constantly modified by other organ-

isms. The actions and other effects oﬂ
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environment.

.5, The biotic environment effects
the ecosfstem in & number of walys. The
most obwious way 1s in prowviding pro-
ducers, consumers, and decompesers. ' The
biotic environment of a particle of de-
tritus includes organisms which eat it or
break it down. These may consist of

bacteria, fungi,. and other detritus eat-

»
eTs .

e B

One of‘nhe principal side branches
o the pattern of surface proc"ction
p‘i. i
d bottom decomposition are, the mid~-
PSR N S ,
sater and bottom organpsms. The entire

m

community beloWﬂ;he depths of effective

rhotosynthesisfsubsilsts on a detrital
R ". .- ‘

rain from-above,

v S

In the darkness of deep ocean waters,
filter feeders strain out particles of
detritus from the water'andtdeposit feed~
ers ingest bottom oozes to extract their
adsorbed dissolved orgadiﬁ matter. Fillter
feeders and deposit feeders are eaten by
other orgarnisms which are in turn eaten
by others. When the terminal predator

dies, the branch ends and decomposition



joins with the general course of decowpo-
gition in the sea.

411 side branches and all organisms
eventually'meét the seme fate: death,
decomposdition, and release of nutrients,
This great recycling keeps the ecosysten

going,

The margins of the 3sea

In the shallow waters at the margins
of the ses, the basic pattern of the eco~
system functions, but the spstial and tem-~
poral separation of functions is not so
marked. In many coastal Gaters, sunlight
extends to tﬁe bottom and the whole cycle
from production to mineralization can take
place in a limited aresa.

Coastal waters are highly productive
compared to the open ocean. Coastal waters
include the waters out to the edge of thé
continental shelf, Theyv also include es-"
tuaries, which are deszlt witﬁ in greater
detail in their own section.

Along the coasts of mosgt nations, tﬁe
sunlight reaching the bottom enchles great
masses of attached vegetaticn to grow.

These include the kelp forests «f the

 Western United States and great meadows




of undersea grasses in many parts nf the

world. ‘These stands of roote!l vcgu-

tation form both food and vefuge fuax
thousandg of specles wandering throagh
them or using them as homes.

When an animél dies in shallow water,
much of its deccmposition will take place
in waters which maybbe only a few meters
deecper than the layer inm which it died.
If it comes to rest on the bottom,.it
is readily recirculated to the same water
mass in which it lived.

In addition te nutrients locally
recycled, the coastal waters receive

-massive additions of nutrients from
ffesh waters running off the land,

The combination vf surface o bot-
tom productivity, nutrient-rich terres-
trial runoff, and the fact that the whole
process from production to minéralization
occurs ir a relatively homogeneous water
mass all combine to push the productivity
of coastal waters far above that of the

open sea.




Pollution of the ocean environment

If any material becomes part of the
environment, it becomes part of the eco-
system.' If the substance 1is harmful, it
may hurt the ecosystem as a whole.

If a certain insecticide were intro-
duced with harmful effects on the pro-
ducers, all consﬁmers would have less food.
The same goes for any number of substances,
including volatile petroleum products,
mercury, lead, or any of the other sub-
stances currently discussed. The substances
need not be introduced directly to the
sea. If a person dumps something into the
Mississippi, it will eventually reach the
Gulf of Mexico. .If the pollutant is par-
ticulariy long-lasting, it will eventually
circulate through the whole world ccean.

Pollution of the ocean has reached
the point af alarming many ewminent ocean--
ographers. The sea is the source of much
of our oxygen, an absorber of the CO2
from our lungs and industries, and a source
of food for millions. If we pollute to
a high enough level, the marine ecosystém
‘will be damaged beyond repair. If the

ocean has been that heavily polluted, the



land and air will be, tvo, and the days
of 3ife on earth will be number«d. The
destruction of our environmentc 1is the most

pressing issue of our time.

Summary

Sunlight provides the energy to drive
the marine ocosystem. The sunlight is
trapped by phytoplankton, whicin are eaten
by herbivorous zooplankton. The herbi~
vores are fed on by carnivores which are
eaten by higher carnivores. All organisms
eventually die if not eaten. They are
attacked by scavengers, fungi, and bac-
teria, and they and their waste products
become particulate detritus. The detritug
i8 converted teo dissolved organic matter
which is finally mineralized by bacteria.

Prodﬁction and mineralization may be
separated in both space and time 1in the
open ocean, but are generally closer to-
gether in coastal areas;

Pollution of the ‘marine ecosystem
could have serious effects on the affairs
of man and other lifeforms. The entire
earth ecosystem 1ls presently endangered

by the action of our species.



Tegchzy demonstration 1

1. Give a short lectu:e on basic eco-
srsien cowpon.nts hazed on the teacher.
“urroducrion ending with the section
«n decomposervs.  You mey illustrate
lhnllecture by using the following
transparencies. The lecture will be
continned with the nert teacher demon-
strations.

2. Tisplay the {irc-t tceasnnparency, "Life
in the Sea" (Ocrunopraphy sercies #0-19,

Hubbard Scilentific Compsny). This trans-

parency gives a short hypothetical focd
ehaiu from praducer to lavge figh acrocy
the top. The Ievey 273 of tue trauspar-
ey sbhowe e ocran ceotveicwm lncluding
Ol PSR

Ygu may point to the sna as the pri-
wory source of ciaergy to drive the eco-
tystew and to warm the ocean to life-
compatible temperatures,

With your finger or a pointer, trace
qut the path from phytoplankton (pro-
ducers) to animsl plankton (zocoplankton
concumers) to a fish (secondary consumer)
t¢ the shark (tertiary consﬁmer). Ex-

Q plain to the class that all uneaten matter

ERIC

Aruitoxt provided by Eic:



eventually is consumed by decomposers
(scavenging crustacea and bacteria).

Oun fhe left, point out the ascending
arréws through "bacteria". These
represented mineralized nutrients going
back to "plant plankton."

You may follow the chain to whales
here 1f you desire. Be sure to point
out that the fish interpceed between
the "animal plankton" and the whale
are only incidental to the whale's
diet. It is really after the animal

e plankton, and the arrow directly from

o,

animal plankton to whales is the most
representative route. The fish are
useful in pointiﬁg out that when fish
are enguifed along with a plankton
meal, -the whale is actuaily feeding -
at several trophic levels, depending on
the species of fish which get in the
way. |
3. The circles across the top of the

transparency can be used to illustrate
a food pyramid and the iﬁefficiency of
energy transfer through the trophic

. levels. There is a very large "plant

plankton® circle and smaller successive
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circles until "large fish" is represented
as a very small circle. ©Only one large
fisﬁ is represented. .Thé small circle
may be theought of as rewrescnting the
portion of large fish's fiesh which may
be built through consumption of the pre-
ceding organiams. Actually, one chain

stops at "medium fish", A large fish

consumes several such chalns.



Teacher Demonstration 2

1. Continue your short lostuvre on marine
ecology with this demonstrationm on the

ocean environment. First introduce the

concept of the environment as all aspects
of the world in which an organism lives.

Introduce the terms abiotic envirenment

and biotic environment, with a few sanmples

of aspects of each., The tramsparemcy
"Components of the Marine Environmentg
(0SCSP transparency master, Figure 2)
will help in this explanation. Abiotic
environments include all the physical,
chemical, geological, and ﬁeteorological
aspects of the organiswm's world. The
biotic environment includes f;od, enemies,
sheltering plants, etec.

Show the transpareucy ''Components of -
the Marine Environment”. The examples
listed under biotic and abiotic are only

a partial list. Agk the class if they

can think of any more to add to each list.

2. Show the transparency "Divisions of the

Ocean" (Oceanography: ¥No. 820-1, Instructo

Corporatiocn). You used this transparency

in the section "Where do we find life in

the sea?". Its use at this time will
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4.

refresh zonation upeon their minds and
remind them that the sea ig deep. JUse
thé transparency in the following manner:
Display the basic transparency with |
overlays put to the =ide. Ask the class
to name the regions as you polnt to them.
(Continent, continental shelf, slope,
plain, and trench.)

Place overlay #1 in position on the basic.
This will confirm the identifications cf
regions for those whe remembered them.

aind help those who did net. If a larg

o]

poertion of the class could not racall
the regions, go cvexr them again briefly.
Ask the following questions:

a. How deep is the trench? (10,000
meters)

b. Does light go all the way down?
(No) :

Put overlay #2 in position. This will
show the extent of the photic¢ zone and
give some depth measureménts.

Put overlay #3 in position to refresh
the class on the names of bictic zones.
Ask the following questions:

a. Do organisems live in all depths?
(Yes)
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Activity 1 (Life Science or Biology)

1. Take the class to a salt marsh at high
tide. Marshes are very chavacteristic
of estuarine shores in the Southeast.
Pick a time of high tide so the class
may work with the ebbing tide.

2. Divide the class into three groups.
The duties of the group should be as
follows:

Group 1I: Physlcal chavacteristics
of the salt marsh. They will alseo
lay the transects for stations
worked by groups ILI and IIIL,.

Group Il: Producers of the salt
marsh.

Group III: Consumers of the salt
marsh.

3. Group I, Divide this group into 3
subgroups.

a. Subgroup A should put a stake in
the ground at high tide mark. As
the tide recedes, they should put
stakes in the ground at 5 or 10
meter intervals until low tide. “k:j;:i;j;:t;
The tops of all stakes should be i
at least as high as the bottom
of the high tide stake. A string
will be stretched along the stakes
when the tide is out.

b. Subgroup A should stretch a string
along their stakes from high tide

to low tide. The string should ‘¢::t: tj!rw
be level. A sighting level can - -,

be used to level the string.

c. Two members of the group should
measure the distance from the
string to the ground at l-meter
intervals from the supratidal
to the low water mark. They JQﬂ:IIj:{I]Ilr
should plot their measurements
on graph paper to develop a pro-
file of the gtudy area. Four

stations for sampling should be
assigned in the supratidal, high




intertidal, low intertidal, and
subtidal regions of the transect
line. The stations should be
marked on the profile.

d. Subgroup B should measure the
temperature and time of exposure
of each zone. They should make
the following temperature and
exposure~time studies:

1. Measure the temperature of the
air at a height of 10 cm. a~
bove the ground, on the sur-~
face, and at a depth of 3 cm.
below the surface of the
ground. The subsurface temper-
ature may be obtalned by
gently working the tip of the
thermometer into the scil. The
3 centimeter depth is not critdi-
cal., Most thermometers have a
ring a few centimetersg above
the bulb. Pushing the ther-
mometer into the ground to the
level of this rving i3 sufficient.
The essential thing is uniformity
in depth of measuvrement. The
same gces for the 10 cm. of the
air measurement.

2. If ghost crab or fiddler crab
burrows are present, the ther-
mometer should be placed as far
down the burrow as possible fox
a temperature measurement.

3. One set of measurements should be
made at supratidal, high inter-
tidal, and low intertidal stations
as soon as they are exposed by the
falling tide.

4, The time of emergence of each sta-
tion from the water should be re-
corded.

e. One member of Subgroup B should put
a thermometer on the surface and in
the ground to the 3 cm. mark at each
station as it emerges from the water.




This team member should read the
temperature of beth thermoueters

at each staticn as soon as it
emerges from the water. A member
of the subgrcup should be stationed
with each pair of thermcmeters for
the duration of the activity. They
should read the surface and subsur-
face thermometers each 10 minutes -
at closer intervals 1f the temper-
ature is changing very rapidly,

such as on a aoct spring day. These
measurements do not have to be made
on the actual transect line. They
may: be made ofi to one side but in
parallel with each sampling station.

f. Subpgroup € should measure the salin-
ity of the water. They should use
a salinity refractometer or what-
ever other method is available.

Samples should be taken at each
station just before the water leaves
it. At low tide, salinity samples
should be taken as the tide rises
again. Sampling should be stopped
at low water mark when the water
becomes uncomfertably high., Direc-
tions for measuring salinity are
enclosed wiith the particular instru-
ment used.

4., Group II will sample the producers of the
"area. Divide Group II into the following
subgroups: -

Subgroup A: Producers of the supra-
tidal.

Subgroup B: Producers of high inter-
‘tidal.

Subgroup C: Producers of the low
intertidal (mud flat).

Subgroup D: Producers of the subtidal.

a.'Subgroups A-C should each receive tte
following items of equipment:

3 Trowels

1 meter-quadrat string
10 plastic specimen bags

1 meter stick




Subgroup D should be eguipped with:

a plankton net
‘plastic specimen bags
small jars

A meter~quadrat string 1ls easily
made by tylng a 5-meter string to

a stick, Stretch the string out to

one meter. At the one mateg mark, o imm“—“_ﬂmﬁﬁ
tie on apother stick. At similar ﬁr J%JU
l-meter dntervalsgs, tie on two more

sticks. The remaining string shculd

be tied to the initial stick at a
distance ¢f .one meter from the last
stick. The assenhly of string and
sticks may be placed on the ground
as & square (Be sure te gei 90°
angles!) containing exactly omne
square meter. Plants and animals =/
may be counted in this sguare to
determine a quantitative estimate

of the abundance of various species
of plants and animals in the square.
The construction and use of the FIGURE 1, CONSTRUCTION AND
quadrat string is shown im figure 1. U SE OF R QUADRAT STRING

b. Subgroups A-D should go tec their
appropridte stations on the tranmsect
line. The sampling should be done
using the transect string as a mid-
line for the square-meter quadrat.

c. Subgroups A~C should set up their
quadrat strings to count the plants
in omne square meter of soil under
the string. They should count all
plants for a total pnumber of plants
in one square meter and alsc in-
dividual numbers for each type of
plant they can distinguish.

d. The height of the various species
of plants-in the quadrat should be
measured. A sample of five or ten
should be measured for each species
1f that many are fcund in the quadrat.

e. The group should collectr one or twv
plants of each kind for identifi-
cation in the lab. They may be
collected with the trowel and put
in plastic bags with a little soil.




A5 much as possible of the root
system should be taken. They should
note how far bemeath the surface

the root systen begins. If it is
buried benc.- - a few inches of soil,
it may have scted as a trap for wind
or waterborne particles and helped
to build up the marsh or duane in
which it is found.

f. When subgroups A~¢ finiseh their
transects, they may be assigned to
count quadrats in the higher levels
of the marah if the vegetation is
noticeably different.

g. ALl stations on the transezt should
be plotted on the profile dyrawn up
by Group I. Their distance from
each other and thedir verying ele-~
vations can be taken frow the pro-
file.

h. Subgroup D should take a plankton
sample with a fine plankton net in
the subtidal zcne. This will serve
as a sample of planktonic producers
of the marsh z2d local estusry.

i. If the area of your field trip is
known for abundant rooted algae in
the subtidal zone, be sure that

, members of subgrounr D examine the

. dredge samples of Group IIX.

(W]

Group III will sample the consumers
of the marsh ~ the animals.

a. Divide Group III into four subgroups
as follows:

Subgroup A - animals of the supra-
tidal

Subgroup B animals of the inter-

' tidal

Subgroup C - seinezblc animals of
the subtidal

Subgroup b dredgeable animals of

the subtidal




Directicns for use of the seine and the
dredge are located in the beach zonation
exXercise in the section. "Where do we
find life in the sea?"

b. Subgroup A should be given a shovel
and plastic bags. They should roam
to elther side of the transect line,
digging animals out of heles, checking
through masses of seaweed and under
other objects on the beach, and other-~
wise looking for animais in the supra-
tidal. Supratidal species may be
somewhat scarce, The collectors
should wander fairiy far to either
side of the transect Lliae.

c. Subgroup B should be equipped with a
shovel, sieve, and plastic bags.
They should work the high intertidal
and low intertidal gqnadrats set up
by Group IIL.

d. Members of subgroup B should dig up
portions of the guadrat and putl
them ig the sieve. The s8leve gshould
be taken to the water and jostled
about to remove the mud from the
animals,

Specimens obtained by sieving
should be put in strong plastic
bags with encugh water to cover the
anlmals by a centimeter - -or so. The
bag shculd be closed by twisting
from the top. As the twisted por-
tion grows longer, the bag should
belly out from trapped air. This
air will increase the amount of

gas exchange to animals In the
water.

e. Someone should collect a handful
of mud from each quadrat and puyt it
in 2 bag with eunough waiter to cover
it. By the day after the field
trip, many small animals should have
moved frem the mud to the water. DO
NOT ADD FORMALIN TO THIS BAG!

f. The sampled area should be measured
for width, length, anl depth. This
will enable quantitation of contained




fauna by area and by volume of
mud.

g. Subgroup C should seine the sub-
tidal to obtain samples of animals
living on the surface of the bot-
tom and gwimming in the water,
They should seine against the
prevailing current. This proce-
dure will keep the seine In a
pocket formaticn which will ¥keep
animals in the net.

The group shouvld seine two orx
three times in a line perpendicu-
lar to the transect lina,

h. Subgroup D should dredgze the bot-
tom of the suhtidal te obtain
samples of animals lying flat on
or buried Just under the surfgce
of the bottom. The dredging should
also be done against the prevailing
current,

At the eud of the exercise, z11 plenats
and animals should be in plastdc bags.
A profile of the marsh should be com~
plete with the stations plotted on

it, Salinity, temperature, and times
of immersion should be available

for each station.

If any of the equipment is muddy,
the mud should be washed off in the
water. On return to the schoel,
all equipment should be rinsed in
fresh water,

A sample of each kind of organism
on the marsh and mud flat should be
preserved. 5% fermalin is good for
invertebrates. Ten percent formalin
should be used for fish. Use a
scalpel to put 1-2 centimeter slit
in the abdomen of any fish over 3~4&
cm. in length. The cut will allow
the formalin to enter the zbdomen

.to preserve the internal organs.

All large plants should be mounted
on hertarium paper. Plant and ani-
mal plankton should be preserved in
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Activity 2 (Life Science or Biolegy)?

1. All prepared material collected in
activity 1 should be placed on a
table Iin preparation for the rest of
this activity. Do not expect this
activity toc be abgsclutely quiet, 1If
the class is to do its work well,
there will be & certain amount of
conversation and moving around. The
conversation and mevements should be
as quiet as possible, General di-
rections for the exercise are as
follows:

a, Clear all tabletops of unneeded
ccats, books, pnocketbooks, etc.

b. Microscopes should be puched
well ontc the table and not
used too near the edge.

c. Microscopes should aliways be
transported with one hand under
the base and the other around:
the arm. The microscope should
be held in a vertical position
at all times. The high power
of the micrescope should be
used only on the plankton sam-
ples, and then only sparingly.

2. Equip each student with a hand lens.

3. Set out reference books for identi-
fication of the organisms. Sonme
handy volumes are listed below. As-
terisks (*) designate most essential
volumes.. '

*¥Abbott, R. T., 1968.
Seashells of North America.

Golden Press, New York. A
standard guide,

lgxtensively adapted from Taylor, B.,

and W. Hon, The Field Apvproach to Coastal.
Ecology, Carteret County Regional Marine
Science Project, Carteret County Schools,
Beufort, North Carolina.




*Dawscon, E. Yale.
How to Know the Seavands, -
Witliam O, Browu, Jubuque, Iowa.
An execellent, profusely illustrated
layman's guide to the aigse
commonly kncwn as seawe=xds.

*2im H. §., and Y. H. Shoemaker, 1955
Fishes, A Guicde to Fresh and
Saltwater Specles. Golden Nature

Guides, Golden FPress, New York.
Usually available at lacal book~-
stores. The geientific names of
the fishes are lleted in the back
of the book., A vers nice first
book of the fishes.

*Zim, B. S§., and L. Ingle, 1955,
Seashores. Golden Hatyre Guide,
Golden Press, N.¥Y. A good inex-
pensive guilde for general identi-
fication of seashove plants and
animals. Scilentific names are
given in the back of the book.

Breder, ¢, M., Jr., 1948,
Field Book of Marine Fishes of
the Atlantic Coast. €. P. Putnam's
scns, Mew York. This is a higher
“level book with a key to almost
all marine {fishes found on the
Atlantic coast. 1f a fish is not
in the Golden Field Guide, Fishes,
it is probably in Breder.

Pratt, H, 8., 1948,
A Menual of the Common Invertebrate
Animals. Blakiston Co., Philadelphi:
A more advanced invertebrate book.
Very good for students who wish to
pursue the identification of any
animals not found in Zim and Ingle.

Radford, Ahles, and Bell, 1968.
Flora of the Carolinas. A pro-
fusely 1llustrated key to the plants
of the Carclinas, including the
marsh and beach plants. Almost any
wild plant can be identified with
this book. It is fairly techmical,
but perusal of the introductory '
material in front should enable the
more knowledgeable students to do
quite well on their identifications,




Teal, J., and Mildred Teal, 1970

Life and Death of the Sslt Marsh Ballantine Books, Inc.

New York. ' Probably available at your local bookstore. A
beautiful book: a poetic story of marshe; -~ how they arose,
how Important they are, snd their relationship to man. The
graceful 1line drawings throughout the book will bhelp in iden-

tification of both planfs and animals in the marsh.

4. Divide the class into two groups. They will work with the
following organisms:
Group I - Producers of the salt marsh
Group II - Consumers of the salt marsh
5. Group I should divide themselves into two groups:
Subgrocup A ~ Producers of the plankton

Subgroup B -~ Osmotic relations and
rooted producers

6. The group as a whole should digcuss the biblical quotation,
"A11 flesh is grass"” before veginning work. Guide the dis-
cussion to get the students to deal extensively with the
consumpticen of plants by animals.

7. Subgroup A will study the producers of the plankton obhtained
from the subtidal zone. Eqguip them with microscopes, slides
coverslips, droppers, paper towels, lens papeé, and the plank-
ton samples. They may then study the planktéu in the following
manner:

a. Reach into the bottom of the planktor

organisma to a clean slide. Put a
cover on the slide.




10.

b. Observe the plankton organisms,
using the low power lems. Count
the diatoms present, and any green
dinoflagellates which appear. The
members of the groups should
answer the following gquestiouns:

A. Do you see anyv diatoms that look
like the pictures you have seen
of these organisms?

B. How many kinds do you see?

C. Do a quick sketch of each type of
diatom you see and tell how many
you have found.

Subgroup B will work with the rooted marsh
producers. They should have the follow-
ing items on hand:

a. osmometer

b. concentrated salt solution

c. distilled water

d. dye (any water-soluble dye)

e. rooted plants cbtained from the
tidal transect.

Various memuers of subgrecup B should carry
out the following procedures:

a. Fill the bag of the osmometer with
distilled water to which enough
dye has been added to produce a
reasonably dense colox.

b. Fill the cup of the osmometer with
the concentrated salt solution.

c. Assemble the osmometer. Mark the
water level in the tube.

One member of subgroup B should be as-
signed the task of watching the osmometer
to alert the rest of the group to any
changes which occur.

Changes should begin to occur in the os-
mometer within a short time. Other
members should begin plant identifications
(Step 11). The subgroup should then be
able to answer the following questions:



a. Did a color change occcur?

-

b. Where, and iuv what divection

c. What have vou learned from this
exercise about movement of fresh
and saltv water?

d. ¥Your body cells contain salt at a
concentration of 9 ofoo. Whazx
would happen to you 1I you were
lost at sea and drank salt water?
(35 parts per thousand)

e. Aprply the same principle to plants.
They also possess relativaely low
salt concentratioas but live in
high~salinity environments., What
sort of basic problem is faced
by these plants.

11. During the time the osmoumeter is operating,
subgroup B should be identifying the
rooted producers obtainad from the quadrats
on the previous day's fieid trip.

For each quadrat, & list should be
made of the species and plants found and
the numbers in which they occurxed.

12, The number of species and numbers of
plants of each species preszent im each
guadrat should be plotted on the beach
profile obtained on the field trip the
previous day.

13, At this time, it may be desirable to
make a larger copy of the profile for
class display. One or two members of
the class may be given the task of
making a profile poster on a laxge
piece of poster board. If desired,
small herbarium mcunts of the principal
species at each staticn can he pasted
to the large profile chart. They may
be arranged in natural groupings to
represent the plant communities at each

station.
O
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The dominant factors in the environment
of the marsh plants are salinity and
time of immersion. The members of the
subgroup should examine the divexrsity
of specles and sizes of the plants at
each station and try to reason why a
particular species is found where it
is.

An example of the questions they may
ask themselves is, "Why are there no
algae in the supratidal?"  The answer
is that they dry out when exposed.

Some algae can withstand leagthy periocds
of emergence. Many more algae can
withstand short periods of being left
behind by the falling tide, other species
can live submerged at all times. This
is the reason for looking at the num-
bers of species ¢f plants at each sta-
tion., If a significant number of algae
are found, the students sheculd examine
them to find differemces which might
signify adaptations to differing per—
iods of dryness.

Intertidal algae may be regarded as
plants that are invading the land from
the sea., They must adapt Lo periods
of dryness.

Plants with truve roots, stems, and
leaves, such as cordgrass (Spartina)
or burrweed (Borrichia) represent the
reverse situation. They are terrestrial
plants invading the margins of the seasa.
The students should look for adapta-
tions to the high salinity and other
conditions of the marsh. Life and
Death of the Salt Marsh will serve
as an excellent reference for these
adaptations,

Group II will work with the consumers
of the salt marsh. Divide into sub-
groups with the following areas of
investigation:

Subgroup A - Animal behavior

Subgroup B - Distribution of marsh
consumers.
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18.

19.

20.

Subgroup A should work with tne living
animals obtained from the previous
day's field trip. 4mong theo apimals
they probably found ave:

OJysters

Hud snails

Marsh periwinkle smnz2ilis (from
the marsh grass)

Fiddler crabs

Mud crabs

Shere dérabs

Mussels (small to large black,
ribbed bivalves)

Small animals (contained in the
mud sample: taken on the field
trip)

Equip subgroup A with seversl finger
bowls, a little bit of carmire, and
hand lenses. Sterecomicroscopes will
be helpful if they are available.

Subgroup A should take the live speci-
mens from their bags and put each kind
in a2 separate finger bowl of seawater.
They should cbserve the animals to
answer the following questions:
a. Which of the animals avs most
. closely related?

b. Whai are the reasons for their
answers?

Ovsters and mussels are fillter feeders.
Jne of each kind should be opened.

he shell half which contains the
animal should be placed in a finger
bowl half full of clean seawater.

Use separate finger bowls for each
specimen.

The experimenters shculd sprinkle

the exposed oyster and mussel with a
bit of carmine powder and observe the
animals to answer the following quee-~

tions:

a. What happens to the carmine
particles?

b. Why do you think this 1is



happerning? (Acswver: The aninals

are eating the pasrticles)

c¢. Doaes el anlmal have & mech-
anism {for sorting cot ths parilcles?

d. What sort of feedipg relationship
probably exists batwesen tha oyster
and the surrounding sesewater, par-
ticularly the plankteon!?

e, Is there any noticesahle difference
between patterns, rates, or other
aspects of particle movement be-
tween the oyster and the mussel?

f. Do you notice anything differant
in the metheds by which the oyster
and the mussel zttach themselves
to the substratef?

21. The students should cbserve a fiddler
ab and some cther crabs In filnger
bowls of gseawater. They should answer
the following questicvns:

a. #dow do these crabs differ? In
body form? 1In beheavicr?

b. Leok at the claws of the various
crabs., Are they any different?
| How about the legs?

22. The students should cut up an oyster or
mugsel and offer bits of it to the crabs.
If any shrimp are handy, pieces of these
may be offered. The feeding behavior
of the animals may be observed, zand the
students should try to answer the fol-
lowing questions:

a. Does the crab accept the food?

b. Does he grab it fast, or relative-
ly slowly?

c. How does he handle it?

d. Do the crabs seem able to handle
extremely fine particles, such
as the oyster and mussel handle?

e. How do you think the ‘feeding
Q
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23,

24,

25.

26,

m
11

habizs-of crabs anc the oyste
and mussel differ?

The students should observe the mud
snails and marsh snails in fianger
bowls half full of seawater. The
students should try to answer the
following gquesticns:

2. What are the differences ba-
tween the two kinds of snails?

b. Does either of them come to the
surface or crawl out of the
water?

c. Which one?

Visit the tzble when they have found
the marsh periwinklie snail (Littorina)
out of the water. Ask, "What is the
most available high structuxe for
Littorina to climb as the tide rises?”

(Answer: marsh grass). Ask theum,
"Where do you think you would find
this snail at high tide?” (Answer:

clinging near the expcsed tops of marsh
gxass.)

One or two students should pour the
supernpatant water from the field trip
mud sample into a dish. They should
examine the dish with a hand lens or
stereomicroscope (if availablie) to

ses how many different Kinds of animals
can be found in the nud.

Subgroup B should most ccupy them-
selves with didentifyving the preserved
animals from the transect. They should
develop species number and animal

nunber lists (#species/#animals = diver-
gity) just as the producer group did.

Subgroup B may also wish to develop a
poster-sized chart of the marsh profile
just as Group I did.

The Subgroup should look for adaptations
to the different tidal zones of the
marsh to answer the following questions:

B



b. How do the
differ? (F
ne fish in : tal.
Among the crustacea, few kiuds

' of shrimps will be pY 3 :
lew tide, buhb several kinds of
crabs may be found.)

28, At the end of the gxerciwme, both
groups should report thelr resalts o
the class as 2 whoele. One coopveniant
way of handling their rey
have one membey of each subgroup re-
port for the subproup.
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29, VWhen the repcrts are finjis

class will coistruct a charit of the

salt marsh ecosystewm. This charct

should show the most fmporiscst pro-
ducers and consumars of «ach tidal zone.

O
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Activity 3

1.

Take s field trip to the beach. Re-

peat Activity 2 to compsre the character-~

istics of marsh and beach. 7You may either

repeat Activity 1 on the beach or use

the field trip outlined iu the "Marine

Biolvugical Field Techniques" study guide
af

7

prepared by the OSCSP wutuf
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